Background Brazil reports almost 80% of all leprosy cases in the Americas. This study aimed to identify socioeconomic, environmental, and behavioural factors associated with risk of leprosy occurrence in the endemic North-eastern region.
Although a family contact increases the risk of leprosy, in a typical endemic area the majority of new cases cannot be linked to intra-domiciliary contact with a leprosy patient. 2, 4 This suggests the existence of unrecognized human-to-human contacts or more intriguing other modes of transmission. 5 As Mycobacterium leprae can persist and possibly proliferate in the environment in association with certain plants and animals, 6, 7 it is conceivable that infection may result through prolonged or repeated exposure to an environmental source containing viable bacilli. This is difficult to investigate experimentally because M. leprae cannot be cultivated in vitro and evidence can only be obtained indirectly through epidemiological studies. Brazil, India, Nepal, Myanmar, Madagascar, and Mozambique contribute almost 90% to the leprosy cases registered worldwide. 8, 9 Eighty percentage of all leprosy cases of the Americas occur in Brazil. 10 Leprosy is unevenly distributed within Brazil:
the North-east Region, the poorest region in the federation, reported 33.5% of newly diagnosed cases (3.2 cases per 10 000 inhabitants) whereas the industrialized South region, one of the richest, reported only 4.1% (0.7 cases per 10 000 inhabitants) in 2002. 11 The new case detection rate in the North-east is twice that of the average of the country as a whole and increased over the last decade. 12 The study reported here aimed to identify socioeconomic, environmental, and behavioural factors associated with leprosy occurrence in patient with no known leprosy contacts.
Materials and methods

Study area
The study was conducted in four municipalities in the State of Ceará , North-east Brazil. The North-eastern region has a semi-arid climate and regularly suffers from droughts. Half of the population lives in poverty. Social and economic inequalities are important, with 50% of the population earning 16% of the total income of the region and the richest 1% earning 16%.
11 Ceará , with a population of~7.5 million is in the centre of the North-east region and is one of the three poorest states in the region. 11, 12 Only 3.7% of the population earns more than US $450 per month, and 28% of the population .15 years of age are illiterate.
12
In 2002, 2520 new cases of leprosy were notified in Ceará . As within the state the distribution of leprosy shows a remarkable heterogeneity, we decided to use analytic epidemiology to investigate hitherto unknown risk factors, which might explain the failure of control efforts to reduce the incidence. In a first step, a spatial analysis identified hyperendemic pockets: in a few municipalities the prevalence was astoundingly high, whereas in the majority prevalence and incidence were rather low. The reasons for this aggregation could not be precisely identified, but inequality and uncontrolled urbanization seemed to play an important role. 13 Of the 19 municipalities with the highest detection rates four (Juazeiro do Norte, Morada Nova, Sobral e Fortaleza) were selected for inclusion in the study to reflect the physical (climate, elevation, soil type) and socioeconomic diversities of the State of Ceará .
Study population
Cases were selected from patients diagnosed in the previous 2 years in a Primary Health Care Centre through the leprosy registry of Ceará 's Ministry of Health. Study cases were selected when they returned to the outpatient clinics for routine monitoring. Leprosy diagnosis was based on the presence of one or more of the following criteria: (i) typical skin lesion with loss of sensitivity; (ii) enlargement of one of the major nerves with loss of sensitivity; (iii) positive skin smear for M. leprae, examined by a trained health professional in a state reference laboratory. Based on information registered by the physician in charge of leprosy cases diagnosis, cases were grouped according to the Ridley & Jopling classification.
14 Age 18 years old or less, existence of another case of leprosy in the same household, in the near neighbourhood, or within kinship were exclusion criteria. Controls were individuals presenting to the same health unit (as the leprosy case) for reasons other than skin problems and who lived in the same municipality. Age 18 years old or less, report of a case of leprosy in the same household, in the near neighbourhood, or within kinship were exclusion criteria. Four controls were selected for each case.
Sample size
The sample size was calculated to allow an odds ratio (OR) of 1.7 for an assumed frequency of exposure of 30% (based on a pilot study), with a confidence of 95% and a power of the test of 80%. This resulted in an estimated sample size of 200 cases and 800 controls, approximately.
Data collection
A pre-tested semi-structured questionnaire was used to collect demographic, socioeconomic, environmental, and behavioural data from cases and controls. Trained health professionals were responsible for interrogating cases and controls at the health units. To account for the long and variable incubation period, cases and controls were asked for risk factors recently and 10 years previously. All patients diagnosed between March and August 2002 as a new case of leprosy and/or in treatment for leprosy (any classification) that fitted the inclusion criteria for a case were interviewed as well as the controls.
Data analysis
Variables were first analysed in a bivariate manner to identify the variables to be included in the unconditional logistic regression. In a second step a multivariate hierarchical analysis was performed according to a previously defined framework ( Figure 1 ). The framework comprised five blocks, each containing several variables: Block 1-socioeconomic (schooling, experience of food shortage at any time in life, access to safe drinking treated water, sewage and type of floor in the household 10 years previously); Block 2-environmental (household crowding, having or having had animals in the house/yard 10 years previously; working/have ever worked in agricultural field 10 years previously, working/have ever worked in the forest); Block 3-behavioural (current frequency of changing bed linen; hunting and fishing 10 years previously, hunting armadillo or 'peba' (Euphractus sexcinctus) 10 years previously, eating armadillo or 'peba'; sharing own bed/ hammock (current); sharing others bed/hammock (current); weekly regular bath in open water bodies-like creek, river, and/or lake-10 years previously); Block 4-demographic (sex, age, marital status, and skin colour); and Block 5-Vaccination (presence of a BCG scar).
The adjusted analysis was performed in two steps. In the first one, ORs for each variable were calculated adjusting for all variables in the block. In the second step, the socioeconomic block was adjusted by statistically significant variables of the remaining blocks (2, 3, 4, and 5) as they were considered to have the same level of causation in the model. Cluster effect for municipality was taken into consideration. To be entered into the logistic model a significance of P , 0.25 was required and to remain in the model a significance of P , 0.05. Confounding and interaction between variables (including differences of effects in the four municipalities) were investigated. We used frequency matching for sex and age, and therefore kept age and sex in the multivariate models.
Ethical consideration
The study was approved by the Ethical Committee of Federal University of Ceará . Cases and controls were only included after written informed consent was obtained and they were reassured that non-participation would not affect their treatment.
Results
Information was obtained from 226 cases and 857 controls. Fifteen per cent of cases were indeterminate, 40% tuberculoid, 26% borderline, and 19% lepromatous (Table 1) . Within these groups, the male to female ratio ranged from 0.56 to 1.1. Figure 1 Framework for socio-economic, environmental, and behavioural factors in leprosy determination Five out of eight variables in the behavioural block were associated with increased risk of leprosy: low frequency of changing bed linen, hunting 10 years previously, hunting armadillo or 'peba' 10 years previously, fishing 10 years previously, weekly regular bath in open water bodies, i.e. creek, river and/or lake, 10 years previously. The presence of a BCG scar offered a statistically highly significant protection against leprosy.
The results of the multivariate hierarchical analysis are summarized in Table 3 . Frequency matching did not result in similar proportion by sex. Controlling for sex was done in the multivariate model. After the introduction of the five blocks of variables only those statistically significantly associated with leprosy remained in the model. A low education level 
Discussion
In this study we defined a framework for the multivariate hierarchical analysis in order to access the independent effect of the variables. Clearly, all variables that remained significant in the multivariate logistic model are in one way or another linked to poverty. Although it is well established that leprosy is associated with poverty, it is important to elucidate aspects of poverty that may enhance the risk of the transmission of M. leprae and/or facilitate the progress from infection to disease. The significant variables in the final model were a low education level, the experience of food shortage at any time in life, frequent contact with natural water bodies 10 years previously and an infrequent change of bed linen. An association between low level of school achievements and the incidence of leprosy was also demonstrated in a study in Malawi. 15 Education is difficult to interpret at a biological level, as those with a low level of education usually come from the lowest income stratum of a population and, therefore, share many other health hazards, including lack of health education and access to health care. We consider low education as a distant determinant of leprosy. The variable remained in the final analysis because we used a hierarchical model to access its independent effect.
Food shortage leading to hunger is a typical characteristic of low-income households. This factor could be more directly related to leprosy since individuals who suffered from hunger at least once during the last 10 years are likely to have experienced nutritional deficiencies in previous periods of their life. It is conceivable that inadequate nutrition weakens the immune competence against infection and, thereby, the infection with M. leprae. 16 Alternatively, this variable could represent a marker for other health hazards associated with extreme poverty such as risky behaviour to increasing exposure.
The low frequency of changing bed linen is related to water shortage, poverty, and hygiene. Personal observations in the study area indicate that even the poorest households are kept clean and that inappropriate hygiene is mainly the consequence of water shortage that is much more frequent in the poorest areas (Feldmeier, unpublished observation 2001). If water is limited the person responsible for household chores (usually the mother) may refrain from frequently changing bed-linen; or irregular change of bed-linen may be a behavioural characteristic linked to inappropriate hygiene perception. M. leprae can survive out of the human body for several months even under unfavourable conditions. 7 It is possible that this behaviour could maintain the M. leprae in the bed or hammock and facilitate longer contact and transmission to the user. Water shortage is frequent in semi-arid regions. When it happens, people tend to concentrate around some remaining source of water but they still live far from each other in the rural area. Therefore, for some decades now the lack of governmental support has driven rural populations to migrate to suburbs of more developed cities when there is a drought in the state and this has been shown previously to be associated with leprosy. 13 Another variable with a strong association with leprosy was frequent contact with water bodies such as creeks, rivers, ponds, or lakes for recreational activities 10 years previously. In the semi-arid climate of Ceará , creeks and rivers have running water only during the rainy season (3-5 months of the year), and when precipitation stops pools of stagnant water remain or are dug by the population and become a habitat for a variety of plants and small animals. Similarly, ponds and lakes transform into swamps covered thickly with vegetation in which small pools of water remain. All these sources of water are used by people for recreation and, if households have no access to piped water or a well, for domestic purposes, too.
It is known that viable M. leprae may persist and proliferate in water plants such as Sphagnum species even in cold-climate countries 6 and water has been repeatedly suggested as a reservoir for M. leprae. 17 Interestingly, water has been considered a putative source of infection with M. leprae already in the early days of leprology. Hansen and Looft 18 observed that in Norway-where the West Coast was a hyperendemic area during the 19th century-leprosy lesions were commonly located at the feet and the lower legs. In those times many by using M. leprae-specific DNA probes, he showed that in Indonesia the prevalence of leprosy among individuals who used water sources containing M. leprae for bathing and washing clothes or dishes was significantly higher than that among individuals who used water free of M. leprae.
It is an ancillary finding of this study that individuals with a successful BCG vaccination (as indicated by the typical scar) were protected against leprosy (OR 5 0.48; 95% CI 0.33-0.70). This observation confirms previous findings suggesting that BCG vaccination partly protects against the development of leprosy. 20 Variables reflecting risk factors for person-to-person transmission-such as crowding or sharing the bed or hammock with other household members-did not show a significant association with leprosy; this is probably because cases with known leprosy contact were excluded from the study. Also, in spite of contact with armadillo having been described as a possible source of leprosy transmission in some regions of North America, [21] [22] [23] we did not find it as a risk factor in our study.
It is a characteristic of leprosy that it is virtually impossible to precisely assess time and duration of exposure and the onset of an infection. It is, therefore, an intrinsic weakness of any epidemiological approach that owing to the long and variable incubation period risk factors have to be looked for that may or may not have been present 10 and more years previously. This increases the recall bias considerably and makes the identification of temporary behavioural characteristics doubtful. We took recall bias into account when we developed the questionnaire and pre-tested it in two of the four study areas and we limited questions to those circumstances that presumably remain in memory such as having experienced hunger at least once in life (rather than asking about food or whether natural habits in the family) or whether natural water bodies were used for recreational activities (instead of asking which type of water was used for domestic and which for recreational activities). Similarly, patients and controls knew very well whether there had been a bathroom in their house 10 years previously, but had difficulties remembering exactly where water had come from for domestic activities during the different periods of the year.
In conclusion, the results of our case-control study show that certain socioeconomic, environmental, and behavioural risk factors exist, which favour the occurrence of leprosy in an endemic area and could be targeted in control measures encompassing more than the correct implementation of multidrug therapy. The observation that frequent contact with natural water bodies is a risk factor for leprosy independent of other behavioural and socioeconomic variables make stronger the notion that water or wet soil may act as a reservoir for M. leprae.
